The contribution verifies, whether the competitiveness of the European Union economies tends to converge or diverge. The competitiveness of a country is defined as the ability to create innovations. Innovations represent an important resource of the qualitative competitive advantage, which is crucial for sustainable competitiveness in the long term. We observed the composite indicator development in the time period 2000-2012 with focus on the trend dissimilarities in the European Union. We used a cluster analysis and beta and sigma convergence methods to the convergence/divergence tendency verification. The results of all three methods confirmed the converging trend of competitiveness in the European Union. We found out that initially less competitive economies are catching up with initially more competitive countries and the competitiveness of individual countries as well as the EU as a whole increase at the same time.
Introduction
The convergence process has been in the center of attention of economists for a long time. Especially in the last decades the increasing economic integration and globalization have required increasing homogeneity in several areas. The importance of increasing homogeneity and thus the converging tendency of the EU member states is often stressed after the EU enlargements in 2004 Although the competitiveness of the economy is carefully monitored by both policy makers and economists, it is still ambiguous, with reference to its exact meaning. It is possible to perceive the competitiveness of a country as its ability to compete with low prices or as an export performance of a country. Yet the meaning of this term is much broader. In this contribution we shall define competitiveness as an ability of the country to create innovations, as innovations represent the important resource of the qualitative competitive advantage, which is crucial for sustainable competitiveness in the long term. This attitude to the competitiveness of an economy was introduced by Fagerberg, Srholec and Knell (2004) and was called technology competitiveness. According to Fagerberg, Srholec and Knell (2004, p. 15) , technology competitiveness means "the ability to compete successfully in markets for new goods and services". For the technology competitiveness evaluation we use a set of variables suggested by Fagerberg, Srholec and Knell (2004 , but the choice of the individual indicators is adjusted to the European Union economies, as it is described in the next section (Methodology and Data). The common feature of all these indicators is their importance for the smart growth of economy, which is one of the priorities of the European Union in this decade (the EU strategy Europe 2020 puts forward three main priorities for the time period 2010-2020, which are smart, sustainable and inclusive growth, for more information see the European Commission, 2010).
The main goal of the contribution is to verify, whether technology competitiveness in the European Union tends to converge or diverge. As long as the converging tendency is not unambiguously confirmed, the second goal will be to identify the group of countries, which create a barrier for an increasing homogeneity in the EU (according to the technology competitiveness variables). For assessing the converging or diverging tendency of technology competitiveness primarily the method of the cluster analysis will be used. The results will be verified by the beta and sigma convergence analysis.
In the next part the indicators of technology competitiveness are described along with the method of the cluster analysis and its application for the convergence analysis explained. Then the results of the cluster analysis are presented, the convergence/divergence tendency is identified and the barriers of the EU homogeneity increase are searched. The results of the cluster analysis are compared with traditionally used methods of the convergence analysis, i.e. the beta and sigma convergence. The main conclusions are summarized in the last section.
Methodology and data
The selection of the indicators of technological competitiveness comes out the work of Fagerberg, Srholec and Knell (2004 , who distinguished four aspects of national competitiveness (technology, capacity, price and demand). In this paper we focus on technology competitiveness, which is especially important, as it reflects the ability of a country to create a qualitative competitive advantage based on innovations. According to Fagerberg, Srholec and Knell (2004) technology competitiveness has three dimensions. The first one covers the indicators of science and technology inputs (S&T inputs), the second one is created by the indicators of science and technology outputs (S&T outputs) and the last dimension testifies about the national level of the ICT infrastructure. In their original approach the authors assessed the competitiveness of a broad sample of countries out of the whole world, i.e. countries at markedly different levels of development. In this paper we need to evaluate the competitiveness of the EU member states, thus working with a much more homogenous group of countries. We include gross domestic expenditure on research and development (GERD) as an indicator of S&T inputs, the quantity of articles in the scientific journals and the quantity of patent applications registered by the European Patent Office (EPO) as indicators of S&T outputs. To approximate the level of the ICT infrastructure we use a number of internet users (people, who were connected to internet in the last 12 months) and mobile/fixed telephone subscriptions. Table 2 . 
where t is the year, c is the country and q is the indicator. In this modified version we don´t use the minimum/maximum value for one concrete year, however, the minimum/maximum value for the whole dataset and thus the dynamic aspect is retained (which is necessary if we want to deal with the convergence analysis). The final composite indicator can reach the values between 0 and 1. Theoretically 0 would mean, that one country achieved in one concrete year the worst results in all variables and on the contrary 1 would mean, that one country was in one year the best in all the variables of technology competitiveness. In reality the composites indicators are somewhere between 0 and 1, which signifies, that there is no absolute winner or loser. We can say, that the higher/lower and more close to 1/0 the value of the composite indicator is, the more/less competitive is the economy. Besides, the increasing/decreasing value of the composite indicator means an improving/falling off competitiveness of the country. We are aware of the limitations of such composite indicator constructions and interpretations. If there is any change in the country group or time period, the results are not more in effect and it is necessary to count over all composite indicators.
We apply the cluster analysis as a tool for the evaluation of homogeneity in the European Union. The cluster analysis is not as frequently used for the convergence assessment as beta and sigma convergence methods, nevertheless we can find several studies yet (Boreiko, 2002 , Quah and Crowley, 2010 or Rozmahel et al. 2013 ). Our approach is based on the Euclidean distances and Ward´s method, since this choice stresses the similarity among subjects in one cluster and the differences among clusters. As input data for the cluster analysis we will use five variables specified in Table 1 , which are normalized with the min-max method first and then weighed with estimated weights (see Table 2 ). If we want to analyze the convergence or divergence of technology competitiveness in the European Union with the use of the cluster analysis, it is necessary to carry out the cluster analysis for all years from the selected time period 2000-2012 and compare the similarity among the countries in individual years. In this respect it is useful to compare the development of the maximum and average distance among clusters in the time period 2000-2012 and also the standard deviation of the distances. From the decline of these indicators in time, we can conclude the increasing homogeneity in the EU and thus the tendency to converge. And otherwise, when the average/maximum distance and standard deviation increase, we can conclude, that EU economies tend to diverge in technology competitiveness.
The commonly used methods of the convergence analysis are the beta and sigma convergence methods (for example Sala-i-Martin, 1996, Young et al., 2008, Žďárek, 2011 or Mazurek, 2013), which we apply to verify the results of the cluster analysis. The beta convergence method is based on the comparison of the indicator value in the base year and its average growth. If the relationship between the average growth and the value of the indicator in the base year is negative, we can refer to beta convergence. The beta convergence methodology is described by Baumol (1986), Barro and Sala-i-Martin (1992) or Sala-i-Martin (1996) . In this contribution we estimate the following equation:
where y i,t0 is the value of the indicator in the country i in the base year t 0 and y i,t0+T is the value of the indicator in the country i in the last year (t 0 +T). If a parameter β is negative, than beta convergence is confirmed and contrariwise a positive parameter β means beta divergence.
The sigma convergence is defined as the decrease in the variance of the logarithm of the selected indicator among economies in time (Slavík, 2007) . The sigma convergence verification is usually based on the standard deviation (σ) development:
where N is the number of economies, t is the year and µ t is the average of the logarithmed variable for the whole country group (Young et al., 2008) . If σ t > σ t+1 , we can refer to sigma convergence and contrariwise if σ t < σ t+1 , it signifies sigma divergence.
Results
To evaluate and compare the technology competitiveness development in the European Union it is necessary to compute the composite indicator based on five individual variables described in Table 1 In 2000 Romania was the least competitive country in a sense of the ability to innovate and although its competitiveness grew, in 2012 Romania with the lowest technology competitiveness still finished in last place. In the base year were all economies, which were not EU member states, at the bottom; with the exception of Slovenia, as it overtook Greece, Portugal and Spain in this year. The most competitive countries in 2000 were Nordic countries, which sustained their leading position till 2012. As we can see, the composite indictor of technology competitiveness grew in all EU economies in the time period 2000-2012, however, in some countries competitiveness grew faster than in others. The most dynamic growth is apparent in Baltic countries, where the absolute growth of the composite indicator is the biggest one, and thus Latvia, Lithuania and Estonia moved ahead in the ranking. Estonia was in 2012 the twelfth most competitive EU economy and Slovenia was even by one position better.
In the year 2000 the countries were ranked according to the EU membership, all EU members were more competitive than the non-members states (with the exception of Slovenia). In 2012 this is not true anymore, some of the new EU member states (i.e. countries, which entered the EU in 2004 and later) improved their technology competitiveness rapidly and overtook the least competitive old EU member states. In this sense Estonia, Slovenia but also the Czech Republic are the winners and Greece, Portugal and Spain the losers. As the absolute differences in the composite indicator of technology competitiveness in 2012 are smaller than in 2000, Figure 1 testifies about the increasing homogeneity in the European Union in the time period 2000-2012. To increase the robustness of these results we thereinafter apply the cluster analysis and beta/sigma convergence model.
The cluster analysis results
In Figure 2 we can see the development of the average distance and standard deviation of the measured distances among clusters. The standard deviation of measured distances among the clusters decreases, which confirms the increasing homogeneity and thus a tendency to converge among the EU economies. The average distance is rather volatile and experienced an increasing trend, but then again the results are statistically insignificant and the determination coefficient low, thus it cannot imply the increasing heterogeneity in the EU. As far as the maximum distance is concerned, we can see in Figure 3 , that it has a decreasing tendency. Thus we can conclude, that the differences in technology competitiveness in the European Union decrease slowly as well as the competitiveness converge. The next step is to identify the group of countries, which contribute to the increasing homogeneity or contrariwise which create a convergence barrier in the European Union. According to the cluster analysis results we chose four groups of countries, in which we verify the dissimilarities development. These groups are the EU-15 (which consist of 15 original EU member states), the EU-13 (13 new member states, which enter the EU in 2004, 2007 and 2013), the EU-11 (11 original member states, without Greece, Italy, Spain and Portugal, because the south European countries lose their competitive ability during the time period) and the EU-6 (Sweden, Denmark, Finland, Germany, Austria and Netherlands, which are the only six countries belonging to the most competitive cluster during the whole time period 2000-2012). In Figure 3 we can see the development of the maximum distance, the average distance and the standard deviation of distances among clusters in the time period 2000-2012 for the four groups mentioned above and the whole EU.
In the first chart of Figure 3 there is the development of the maximum distance displayed. The biggest dissimilarities are in the EU as a whole, which is expectable. Also the EU-15 group is quite heterogeneous, as the maximum distance is high and have rather slightly growing tendency. The lowest differences are among EU-6 countries, because it is the smallest group of the most competitive economies. But also the EU-13 group is according to the maximum distance homogeneous with no outlying observations. The second chart displays the development of the average distance among countries in the group. The EU-13 is the most homogeneous group, but the average distance among new member states is increasing and so does the heterogeneity in this group. This is probably caused by relatively slow competitiveness growth in Bulgaria, Romania and Cyprus. The dissimilarities among EU-6 countries are decreasing; otherwise there is no evidence of the converging trend in this chart. As far as the standard deviation is concerned (the last chart), here the development is mostly stable and thus it does not point out any trend to converge or diverge in the EU. It is worth noting, that standard deviation shows the noticeable dissimilarities in the EU-15, which are to a huge extent caused by South European countries, i.e. Greece, Italy, Spain and Portugal. When we leave out these countries, the EU-11 is much more homogenous. 
Beta and sigma convergence results
The results of the beta convergence model are shown in Table 3 . As we can see, the beta coefficient is negative and statistically significant at the 1 % significance level, the model is statistically significant as well, the determination coefficient is high and the normal distribution of residuum and homoscedasticity were proved. Thus we can confirm the beta convergence of technology competitiveness in the European Union. The economies, which were in the base year 2000 less competitive, improved their competitiveness more dynamically than initially more competitive countries. The differences among individual EU economies are decreasing slowly as far as their ability to innovate is concerned. 
Conclusion
The main goal of the contribution was to verify, whether competitiveness in the European Union tends to converge or diverge. We used the composite indicator of technology competitiveness for the competitiveness evaluation, which covers five individual indicators describing the ability to create innovations in the EU economies. We did not find any divergence evidence of technology competitiveness in the European Union in the years 2000-2012. The opposite trend, i.e. a trend to converge, was confirmed. We applied primarily the method of the cluster analysis in its dynamic form, as we need to compare the similarities development in time. For this comparison we used the maximum/average distance and standard deviation. The declining maximum distance points out to the increasing homogeneity in the European Union as well as the decreasing standard deviation. The results regarding the converging tendency of technology competitiveness in the European Union were confirmed by the beta and sigma convergence methods. The beta convergence model showed, that initially less competitive economies increase their competitive ability faster than initially more competitive countries. So we testified a catching up tendency in the European Union, although it is rather slow and imperceptible. Besides, the decreasing standard deviation confirmed sigma convergence in the whole time period as well.
There is one more important conclusion of our analysis. The results of the cluster analysis and the comparison of its results for individual years point out the increasing homogeneity of the European Union. The same holds true for the beta and sigma convergence results.
Nonetheless these results do not show, whether technology competitiveness in the EU member states grows, which is definitely important for an increasing competitiveness of the EU as a whole. As we can see from the comparison of the composite indicator in the first and last year of the monitored time period, the competitiveness of all EU economies increased. Thus we can conclude, that initially less competitive countries improve their ability to innovate faster and are catching up initially more innovatively efficient countries. At the same time the ability to innovate become better in all EU economies and thus technology competitiveness of the European Union as a whole increase in comparison with other world economies.
To preserve the established convergence trend for the future, less competitive economies should especially focus on gross domestic expenditure on research and development, where the biggest gap among the EU member states is apparent. And what is more, increasing gross domestic expenditure on research and development is one of the priorities introduced by the European Commission for this decade. Despite the significant dissimilarities among the EU economies in the area of the ICT infrastructure (in both internet users and telephone subscriptions) in the base year, it was showed that the new member states caught up with the rest of the European Union and in 2012 the differences among individual countries were negligible. For the future competitiveness growth in the European Union it is necessary to concentrate on the high speed internet expansion, which is the common failure of almost all EU economies. 
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